The process of geostrophic adjustment of localized large-scale pressure anomalies in the standard adia-22 batic shallow-water model on the equatorial beta-plane is revisited, and it is shown that the standard scenario 23 of generation of westward-moving Rossby and eastward-moving Kelvin waves, which underlies the classi-24 cal Gill theory of tropical circulation due to a localized heating, is not unique. Depending on strength and 25 aspect ratio of the initial perturbation, the response to the initial perturbation in the western sector can be 26 dominated by inertia-gravity waves. The adjustment in the diabatic moist-convective shallow water model 27 can be totally different , and produces, depending on parameters, either Gill-like response, or eastward-28 moving coherent dipolar structures of the type of equatorial modons, which do not appear in the "dry" 29 adjustment, or vortices traveling, respectively, North-West in the Northern, and South-West, in the Southern 30 hemispheres. 108 to saturation: Q i = Q s − 0.01 with Q s = 0.9, a short relaxation time τ equal to several time-steps 109 of the numerical scheme, γ = 1, and α = O(10 −1 ).
The famous Gill theory of the response of the tropical atmosphere to localised large-scale heat-32 ing [1] , which consists in generation of Rossby wave like and Kelvin wave like responses at the 33 western and eastern sides of the source, respectively, is widely known. It has become a folklore in 34 tropical meteorology and climatology, and is ubiquitously evoked in the literature for explanation 35 of observations and numerical simulations. The Gill mechanism is intrinsically related to the pro- 36 cess of geostrophic adjustment in tropics, i.e. relaxation of large-scale perturbations by emission 37 of equatorial waves, because the heating source, which was represented in original papers [1, 2] 38 and subsequent studies, e.g. [3] , as a mass-sink in the shallow-water model of the atmosphere, 39 can be considered as permanently regenerating a localised negative pressure anomaly. The notion 40 of geostrophic adjustment, borrowed from the theory of relaxation of large-scale perturbations in 41 mid-latitudes, e.g. [4] , has a specific meaning in the tropics as, due to the absence of the constant 42 part of the Coriolis parameter at the Equator, the geostrophic balance is well-defined only for the 43 zonal velocity. Yet, the equatorial Rossby waves are approximately geostrophic, as was noticed 44 already in the pioneering paper by Matsuno [5] , and the geostrophic ansatz for both components of 45 velocity allows to recover Rossby waves from the linearized potential vorticity equation [6] . The 46 zonal velocity of the equatorial Kelvin waves is in geostrophic equilibrium, as well. Such equilib-47 rium arises naturally for equatorial motions with a strong disparity between meridional (smaller) 48 and zonal (larger) scales, [7] , Sect. 5.5.4. This scaling was implicitly used in [1] , by imposing 49 the equatorial geostrophic balance. Non-linear theory of equatorial geostrophic adjustment under 50 this scaling was developed inshallow-water model on the equatorial beta-plane, and confirmed by 51 numerical simulations in [8], with the results fully consistent with the Gill mechanism. questions are given below. We show, first, that the "dry" geostrophic adjustment is strongly sensi-62 tive to the aspect ratio of the initial perturbations, and can be dominated by large-scale westward-63 propagating inertia-gravity waves, instead of Rossby waves in the classical scenario. Second, we show that the relaxation of pressure anomalies in the moist-convective environment may follow 65 the Gill scenario, but may also produce eastward-moving cyclonic dipoles, and vortices detaching 66 from the Equator, which does not happen in the "dry" case.
67
Rotating shallow water (RSW) on the equatorial beta-plane is the archetype model for atmo-68 spheric dynamics in tropics [1, 5] . We are using this model, which will be understood as vertically 69 averaged primitive equations in pseudo-height pressure coordinates [7] . The model can be ex-70 tended to include water vapor with condensation and related latent heat release [10], as well as 71 surface evaporation. Liquid water, precipitation, vaporization and related cooling can be also in-72 corporated in the model, as well as vertical structure, see [11] and references therein, but below 73 we will be using the simplest one-layer version of such moist-convective RSW (mcRSW).
74
The equations of the "dry" adiabatic one-layer RSW model in the equatorial beta-plane with 75 no topography, and no dissipation read:
where ∇ = (∂ x , ∂ y ), v = (u, v), u is zonal and vmeridional components of velocity, h is geopo-77 tential height (thickness), β is the meridional gradient of the Coriolis parameter, andẑ is a unit 78 vertical vector. In the simplest version the equations of the diabatic mcRSW [10] read:
(2)
Here Q is a bulk amount of water vapor in the air column, γ is a parameter depending on the 80 underlying stratification, P is the condensation sink, and E is the evaporation source of moisture, 81 which are parameterised as follows:
Q s is a saturation moisture threshold, τ is relaxation time, α is a parameter regulating evaporation, 83 and H (...) denotes the Heaviside (step-)function.
84
Notice that, similar to the Gill's theory, convective heating acts as a forcing in the mass con-85 servation equation, although here it is not ad hoc, but is determined by the evolution of moisture, 86 which, in turn, is advected by the velocity field, and is conserved in the air column, unless the 87 condensation and evaporation are switched on.
88
Below we present the results of numerical simulations, first of the "dry", and then of the moist- beta-plane [14] . We hereby exhibit a mechanism of generation of such structures from pressure 160 anomalies. We should stress that without the effects of moisture even strong depressions, e.g. with
161
∆H/H = 0.25, do not produce modons. The difference between initial stages of dry and moist- 
